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Abstract

Background: To date, global healthcare spending becomes a primary concern, and pharmaceutical costs are the
main drivers. The issue is more pressing in developing countries like Ethiopia. However, there is a scantiness of com-
prehensive data on inventory control practices in health facilities. This study, therefore, aimed to assess the criticality,
financial value, and consumption patterns of pharmaceuticals using inventory matrix analyses and explore the related
challenges.

Methods: A cross-sectional study supplemented with qualitative assessments was carried out from December 2020
to January 2021 in public health facilities. Three hospitals and 14 health centers were proportionally selected using a
simple random sampling technique. Self-administered questionnaires and review of logistics documents and data-
bases like Dagu-Facility were used to obtain the quantitative data. The data were analyzed using excel spreadsheets
and SPSS version 23. We gathered the qualitative data through face-to-face in-depth interviews.

Results: The facilities spent 66,312,277.0 Ethiopian birrs to procure 518 pharmaceuticals between 2017 and 2019. Of
the total products, 68 (13.1%) belonged to class A and 353 (68.1%) belonged to class C. Among 427 items identified
by VEN analysis, 202 (47.3%) were vitals, and 201 (47.1%) were essential products making the highest proportions.
Cross-tabulations of ABC and VEN showed that 230 (53.9%) items formed category |, representing 84.3% of total
expenditures. Sterile surgical gloves #7.5, amoxicillin capsules, examination gloves, and 40% dextrose injection were
among the top-ten high-value closing inventories, accounting for 21% of class X items. The fast-moving items were
the most prevalent in all years, accounting for more than 45%, and shared the maximum expenditure, up to 90%.
Scarcity of infrastructure and skilled human resources, shortage of pharmaceuticals and problems with suppliers, and
management issues were the major challenges in the health facilities.

Conclusion: Most of the items identified by ABC-VEN and FSN-XYZ were Category one, i.e, mainly vital costly
products and a few fast-moving items with high closing inventory values, respectively, suggesting close supervision.
However, several issues became impediments. Hence, facilities should alleviate the bottlenecks and monitor the stock
status to prevent theft and stock out.
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Background

Pharmaceuticals are essential components of health care
systems, and at the same time, they share substantial
health care expenses. The high percentage of medicines
spending, especially in countries with limited resources,
is paid out of individuals’ pockets. This imposes finan-
cial burdens on patients and creating an additional prob-
lem on policymakers [1, 2]. On the other hand, health
is a fundamental human right that can also be realized
through access to essential pharmaceuticals [3]. However,
one-third of the world’s population lacks an opportunity
to obtain essential medicines, and it is more severe in
low- and middle-income countries [4], causing patients
to suffer from even minor illnesses [5]. From the system-
atic review by Tewuhibo D et al,, in Ethiopia, the average
availability of essential drugs from 2003 to 2019 did not
exceed 75% [6].

In this sense, the assessment of supply chain systems,
including inventory control, is crucial to discern current
expenditures for pharmaceutical products and patterns of
consumption to design effective policies aimed at cinch-
ing universal access to essential medicines. An Effective
Supply Chain (ESC) ensures the sustainable availability of
quality, safe, and effective pharmaceutical products [7, 8].
ESC can be achieved when proper pharmaceutical selec-
tion, quantification, procurement, and use are carried out
taking into account consumption rates, clinical signifi-
cance, and product costs [1, 7, 9].

To this end, several inventory control mechanisms exist
to assess the clinical and financial implications of phar-
maceutical consumption patterns [10-12]. These include;
ABC analysis (always better control); This technique
helps classify pharmaceutical items based on their finan-
cial value into A (few high priced items), B (medium level
of moderately priced items), and C (a large number of
low priced items).VEN analysis; classifies pharmaceutical
products according to their criticality for health services
and the prevention of death or disability into Vital, Essen-
tial, and Non-Essential. The other techniques are FSN
and XYZ analyses which classify inventory items based
on their consumption rates (fast, slow, and non-moving)
and closing inventory values (XYZ) [10, 12]. Nonetheless,
each technique has its limitations, and thus the combina-
tion of them helps to take advantage of the specific tech-
niques [10]. ABC-VEN matrix gives results based on the
economic as well as the critical value of pharmaceuticals
concurrently [13]. This matrix is a strong tool for a criti-
cal appraisal of pharmaceutical product use and assists in
containing the value for essential medicine by permitting
the expenditure on indispensable items [14]. Cross-tabu-
lating XYZ and FSN provides insight for pharmaceutical
usage or patterns of movement and their closing inven-
tory values [15].
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However, the poor inventory control system in health
care institutions in developing countries, including Ethi-
opia, becomes a driver for insufficient or surplus phar-
maceuticals, leading to depletion or expiration of stocks
and inappropriate budget expenditure [16—18]. The study
conducted in Kenya revealed that there was a huge mis-
match between the criticality of the product (VEN) and
expenditure-based classification (ABC) of pharmaceuti-
cal items [19]. FSN-XYZ matrix analysis done in Ethiopia
showed that an unexpected amount of budget (20%) was
disbursed on high-cost and non-moving pharmaceutical
items [20]. Moreover, the study conducted in northern
Ethiopia showed that a significant amount of the annual
budget (75.86%) was spent on very few pharmaceutical
products (17%), which needs management review and
engagement in the whole process of the hospital’s supply
chain decisions [21].

Though few studies were conducted on inventory
control practice using matrix analyses in some regions
of Ethiopia, almost all have limitations. Most of them
addressed ABC-VEN alone in the same types of health
institutions, e.g., [7, 21-23]. The others studied at a sup-
plier agency [11] or in a single zone [20]. Yet all of them
lacked triangulation with qualitative data to provide a
deep and complete understanding of the phenomenon.
Furthermore, despite differences in regional administra-
tion, no study has been conducted in the Hadiya zone of
the Southern Nations, Nationalities, and Peoples’ Region
(SNNPR). This study evaluated pharmaceutical invento-
ries in hospitals and health centers using comprehensive
techniques and qualitative data as a supplement. Thus,
besides the clinical importance and drug expenditure, it
will add information, such as the closing inventory values
of pharmaceuticals with various consumption rates and
associated bottlenecks to the existing body of literature.
Hence, this study aimed to assess the criticality, finan-
cial value, and consumption patterns of pharmaceuticals
using inventory matrix analyses techniques (ABC-VEN
and FSN-XYZ) and also explore challenges in public
health facilities of the Hadiya zone Ethiopia, with the goal
of better managerial actions.

Methods

Study area and period

The study was conducted from December 15, 2020, to
January 15, 2021, in selected public health facilities in
the Hadiya zone, the SNNPR, Ethiopia. The zone cov-
ers an area of 3542.66 square kilometers and accounts
for 3.8% of the total area of the region. It has 17 admin-
istrative districts. According to the Ethiopian Central
Statistical Agency of 2007 last report, the population of
the Hadiya zone was 1,243,776 [24]. Access to healthcare
in the zone is ensured through public and private health
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care systems. Currently, there are 376 public health facili-
ties, including four hospitals, 61 health centers, and 311
health posts, in the zone. A total of 1918 healthcare pro-
fessionals from diverse backgrounds serve the facilities.
These include 135 medical doctors, 95 health officers,
495 nurses, 96 midwives, 81 pharmacists, 218 laboratory
specialists, 131 druggists, 629 health extension workers,
28 environmental health specialists, seven anesthesiolo-
gists, and three biomedical engineers.

Study design

A cross-sectional study supplemented with qualitative
data was conducted to evaluate and explore pharma-
ceuticals inventory control and underlying challenges in
healthcare facilities. The qualitative data were used in the
discussion part to complement the quantitative findings.

Source and study population

The source population comprised all health facilities in
the Hadiya zone, pharmaceuticals, health profession-
als working in those health facilities, good reception and
issuance vouchers Models, records of closing inventory,
and a local database, i.e., Health Commodity Manage-
ment Information System (HCMIS) or the Dagu Facility
[25]. The researchers used models 22, HCMIS, docu-
ments of closing inventory, and health professionals to
source the intended data. The study populations were
selected public hospitals and health centers, and pharma-
ceuticals managed and purchased by the facilities from
2017 to 2019.

Public hospitals and health centers that started operat-
ing three years ahead of the data collection period were
included. Under Ethiopia’s current health care structure,
health posts act as dispensaries and are supplied directly
by health centers [26]. Therefore, we excluded them
from the study. Health professionals with service years
of greater than three years in the health facility were
recruited in both the quantitative and qualitative study.
All drugs labeled as program commodities [27], includ-
ing antiretroviral, anti-TB drugs, malarial commodities,
vaccines, and family planning products were also left
out from this study. In Ethiopia, these products are pur-
chased at the central level by Ethiopian Pharmaceuticals
Supply Agency (EPSA). As medical pieces of equipment
are durables, we omitted them from the list.

Sampling procedures of health facilities

First, the Hadiya zone was randomly selected from 15
zones in the SNNPR [28] using a lottery method. Then
the health facilities (HFs) were selected from the area.
We used the USAID delivery project recommendation
[29] to determine the sample size of the HFs. It recom-
mends taking at least 15% of the total facilities to increase
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the power of generalization. Accordingly, the calculation
gives about 10 health facilities taking the current total
number of public hospitals and health centers (65 HFs)
into account. However, to address all the 17 districts of
the zone, we planned to randomly select one facility from
each district. Three out of four hospitals were chosen
considering the service year. The health centers were cho-
sen from the districts where no hospitals were selected.
Pharmacy heads and store managers were considered
experts in this area and thus participated in qualitative
data collection. In general, 19 participants (15 males and
4 females) were involved, and the sample size depended
on the information saturation, i.e., the interviews ceased
when similar issues seem to be repeated.

Data collection procedures

Pretested data extraction formats, developed based on
previous literatures, were used to collect the desired
information. The facility and participants’ profile data
were obtained from store managers and pharmacy heads
available during the visit and volunteered to participate
in the study. The annual consumptions and the respec-
tive value of each pharmaceutical product for three con-
secutive years, September 2017 to September 2019, were
used in the ABCanalysis. These data were obtained by
reviewing issuance documents (Model 22) used during
the specified years. The researchers also extracted the
data from Dagu-facility (HCMIS) software for facilities
using the program. The clinical staff and standard treat-
ment guidelines were consulted to determine the VEN
category. The data for the XYZ analysis were obtained
by reviewing the three-year closing inventory files and
the facilities’ HCMIS. The Fast, Slow, and Nonmoving
(FSN) items identification was undertaken based on the
frequency of pharmaceutical issuance per annum from
the main store to different departments within the HFs.
The data for this analysis were acquired from Model 22
and electronic record (HCMIS). The qualitative data were
collected through face-to-face in-depth interviews. The
questions were comprehensive and probing types. To
ensure consistency throughout the interviews, the prin-
cipal investigator moderated the discussion. Each inter-
view lasted an average of 20 min and was audio-recorded
using a smartphone. A local language, Amharic, was used
at the interviewees’ convenience.

Data analysis

SPSS was used to analyze socio-demographic and facil-
ity-related variables, and the ABC, VEN, XYZ, and FSN
matrixes were analyzed using Microsoft Excel. Below
are brief descriptions of the procedures for the matrix
analyses.
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ABC analysis

The total quantities of each pharmaceutical issued in
the last three years, from September 2017 to Septem-
ber 2019, were compiled. The annual monetary value of
each product was computed by multiplying a unit price
by the quantity of each product. The percentage of value
attributed to specific pharmaceuticals was determined
and arranged in descending order. The next step was cal-
culating the cumulative percentage for a discrete item
and classifying them into A, B, and C classes based on
the following thresholds. A class: about 10% of the items
account for around 70% of the total values, B class: Con-
sist nearly 20% of the items and takes roughly 20% of the
total annual expenditure, and C class: includes around
70% of the items representing only 10% of the total
annual value [9].

VEN analysis

Based on the clinicians’ grading and treatment guide-
lines, the VEN analysis looked at the health impact of
pharmaceuticals in the health facilities. The products
used to prevent or treat serious illnesses and couldn’t
be substituted for other products were considered vital
(V). To ensure consistency in reporting, items identified
as vital in a particular institution remained the same in
all facilities, even if they were essential in other settings.
Pharmaceuticals somehow substituted and used against
less severe but significant illnesses were classified under
essential (E) items. Products indispensable for healthcare
provision, but their absence didn’t interrupt the services
were regarded as non-essential (N) products [30].

ABC-VEN matrix analysis

we cross-tabulated the ABC and VEN results to gen-
erate different couples and groups of the pharmaceu-
ticals. Accordingly, nine pairs of items were formed
and divided into three categories. The first category
comprised mainly the expensive and vital products
(AV+AE+AN+BV+CV), the second category
included most of the less costly and essential items
(BE4+BN+CE), and the third category contained the
cheapest non-essential products (CN) [9, 13].

XYZ analysis

The closing inventory values for each fiscal year, 2017—
2019, were sorted and arranged in descending order, and
the cross-ponding cumulative percentage was computed.
The items were then grouped into the X, Y, and Z classes
based on the following cutoff points; the first 70% of the
total inventory value corresponds to X class, the next 20%
are of Y class, and the last 10% of the value corresponds
to the Z class [10].
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FSN analysis

There is no common guiding principle for classifying
commodities as fast-moving (F), slow-moving (S), and
non-moving (N) [31]. However, for this particular study,
we arranged pharmaceuticals procured from 2017-2019
in descending order based on their average frequency of
issuance in a specific year. The resulting values were used
to classify the items based on thresholds stipulated in
previous studies. Ultimately, the products issued on aver-
age>15,5-15, and <5 times comprised E, S, and N items,
respectively [20, 31].

FSN-XYZ matrix analysis

The FSN and XYZ items coupling was done through a
cross-tabulation on an excel spreadsheet. Nine couples
were formed and then classified under three categories.
Category I commonly comprised the fast and high-value
items, including FX, FY, FZ, SX, and NX. The second
category constituted SY, SZ, and the last contained the
nonmoving and low-value items (NZ). At the last, the
quantitative findings were summarized using tables and
figures [10].

A thematic analysis technique was used to analyze the
qualitative results. The records were transcribed to the
English language by the authors and verified by an expert
from Jimma University. After the rehearsal of the texts,
variables were coded manually in a word document to
identify appropriate themes. The themes were described
in narrative form, followed by quoting the opinions of
some respondents. Finally, the findings were used at the
discussion phase to support the quantitative results.

Data quality assurance

We trained quantitative data collectors for one hour
on the data collection process and how to acquire the
intended information. And the investigators oversaw
their daily activities by checking the completeness of the
data extraction formats. The formats were developed by
examining various types of literature and were evaluated
by relevant and experienced researchers to maintain con-
tent validity. Moreover, a pre-test was conducted in two
randomly selected health facilities in the Hadiya Zone,
where both were excluded from the actual study. After
the test, we reviewed each questionnaire for changes in
responses for different administrations under similar cir-
cumstances and determined the variations. All questions
produced consistent results and, therefore, were reli-
able. Concerning the qualitative assessment, all research-
ers participated in the transcription and compilation
of the data. The researchers have experience in qualita-
tive and quantitative research and are all pharmacists
with master’s degrees in pharmaceutical supply chain
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management. Besides, a qualitative research expert was
also involved in verifying the transcription.

Results

Characteristics of respondents and health facilities

We visited fourteen health centers and three hospitals,
and all of them were volunteers making a response rate of
100%. The self-administered questionnaire showed that
only 5 out of 17 health institutions had a pharmacy man-
ager (three hospitals and two health centers) at the time
of the visit. Out of the total facilities, only 2 (11.8%) and
6 (35.3%) of them had electronic records and functional
DTC, respectively. Eight (47.1%) facilities had drug for-
mulary or standard treatment guidelines. Only 4(23.5%)
of the facilities got adequate support from the top-level
management. In terms of human resources, the health
facilities had 89 employees under the pharmacy depart-
ment serving in various positions such as dispensaries,
store manager, and pharmacy headship. Pharmacy heads
(five) and store managers (eighteen) participated in the
study. Of the participants, 20 (87.0%) were pharmacy
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professionals, and 17 (73.9%) had diplomas. Twelve of
them (52.2%) had more than five years of work experi-
ence. Sixteen (69.6%) respondents received IPLS training.
Only nine respondents (39.1%) were satisfied with their
current job (Table 1).

ABC analysis

Ethiopian Birr (ETB) 66,312,277.0 spent on 518 items
between 2017 and 2019 in the health institutions of the
Hadiya zone. Of the total items consumed in three con-
secutive years, 68 products (13.1%) belonged to class A,
accounting for ETB 46,556,646.2 (70.2%). B class con-
tained 97(18.7%) items taking ETB 13,417,858.3 (20.2%)
of the total pharmaceuticals expenditure. Three hun-
dred fifty-three (68.1%) products with a value of ETB
6,337,772.4 constituted C class items (Table 2). Out of the
68 class A items, Sodium chloride(N/S)-0.9% IV infusion,
Glove examination latex medium size, and Tetanus Anti-
toxin 1500 IU in 1 ml Ampoule contributed 15.2% of the
total expenditures (Fig. 1).

Table 1 Characteristics of health facilities and respondents in public health facilities of Hadiya zone, Ethiopia

Variables H HCs Total
n (%) n (%) n (%)
Characteristics of respondents per health facilities
Quialification Degree 5(21.7) 1(4.4) 6(26.1)
Diploma 2(8.7) 15(65.2) 17(73.9)
Profession Pharmacy 7(30.4) 13(56.5) 20(87.0)
Nursing 0 3(13.0) 3(13.0)
Work experiences 1-5 years 4(17.4) 7(304) 11(47.8)
>5 years 3(13.0) 9(39.1) 12(52.2)
Type of training received |PLS? 4(174) 12(52.2) 16(69.6)
Both LMIS® 3(13.0) 1(4.4) 4(17.4)
and APTS®
Not trained 0 3(13.0) 3(13.0)
Working position Pharmacy head 3(13.0) 2(8.7) 5(21.7)
Store manager 4(17.4) 14(60.9) 18(78.3)
Job satisfaction Satisfied 5(21.7) 4(17.4) 9(39.1)
Not satisfied 2(8.7) 12(52.2) 14(60.9)
Characteristics of health facilities
Electronic records Available 1(5.9) 1(5.9) 2(11.8)
Not Available 2(11.8) 13(76.5) 15(88.2)
Functional DTCY Available 2(11.8) 4(23.5) 6(35.3)
Not available 1(5.9) 10(58.8) 11(64.7)
DF€ or standard treatment guidelines Available 3(17.7) 5(29.4) 8(47.1)
Not available 0 9(52.9) 9(52.9)
Support from top-level management Adequate 1(5.9) 3(17.7) 4(23.5)
Not adequate 2(11.8) 11(64.7) 13(76.5)
Number of staff under pharmacy unit - 53(59.6) 36(40.5) 89(100)

? Integrated pharmaceutical logistics service, "logistics management information system, “auditable pharmaceuticals transaction system, 4drug therapeutics

committee, *Drug formulary
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Table 2 ABC and VEN analysis of pharmaceuticals in selected health centers and hospitals in the Hadiya zone, Ethiopia

ABC Health centers Hospitals Aggregate
Number of Consumption Valuein % Number of Consumption Valuein % Number of Consumption Value in %
items (%) value in ETB items (%) value in ETB items (%) value in ETB
A 31(154) 10,591,336.1  70.0 66(13.3) 36,0224893 704 63(13.1) 46,556,646.2  70.2
B 46(22.8) 3,093675.1 204 90(18.2) 10,281,6058  20.1 97(18.7) 13/417,8583 202
C 125(61.9) 14495818 96 341(68.9) 4,8735889 95 353(68.1) 6,337,7724 96
Total 202(100) 15134,593.0  100% 495(100) 51,177,684.0 100 518(100) 66,312,277.0 100
VEN
% 58(37.4) 56565452 392 167(40.8) 289379024 588 202(47.3) 41,045,1814 640
E 79(51.0) 83204016  57.7 220(53.8) 18,934,6720 385 201(47.1) 21,7254450 339
N 18(11.7) 446,317.0 3.1 22(54) 1,324,209.5 2.7 24(5.6) 13381614 2.1
Total 155(100) 14,423,263.8 100 409(100) 49,196,783.9 100 427(100) 64,108,787.8 100
8%
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Fig. 1 Top ten most costly pharmaceuticals in selected health facilities of Hadiya zone, Ethiopia

VEN analysis

Of the items identified through VEN analysis (n=427),
202(47.3%) of them were vitals accounting for 64% of
the drug costs. Two hundred one (47.1%) of the phar-
maceuticals belonged to essential items and they took
about 33.9% of the total annual budget. There was a
slight variation in the proportion of vital items in hos-
pitals (40.8%) and health centers (37.4%). However,
non-essential items were more prevalent in health cent-
ers than hospitals accounting for 11.7% and 5.4% of the
total products, respectively (Table 2).

ABC-VEN coupling

Matrix analysis of 427 medicines based on the ABC-VEN
combination showed that 230 (53.9%) items included in
category I (AV+AE+AN+BV+CV) accounting ETB
54,053,951.1 (84.3%) of total pharmaceuticals spending
(TPS) (Table 3). Only 21(4.9%) products formed cat-
egory III (CN) accounting for 193,465.4 (0.3%) the TPS.
However, the individual couples indicated that 124 (29%)
of the products were less costly vital (CV) items with an
annual consumption value of ETB 2,796,654.9 (4.4%). The
vital expensive products (AV) contained 39(9.1%) items
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Table 3 Cross-tabulation of ABC and VEN pharmaceuticals in selected health centers and hospitals in Hadiya zone, Ethiopia

ABC-VEN Health centers Hospitals Aggregate
category

No (%) Consumption in ETB  %age® No (%) Consumptionin ETB  %age No (%) Consumption in (ETB) %age
AV 9(5.8) 4,412,0944 306 27(6.6) 23,515,608.8 47.8 39(9.1) 33,185,119.6 518
AE 21(13.5) 5,940,538.6 41.2 32(7.8) 10,567,305.6 215 27(6.3) 12,087,2204 18.9
AN 1(0.7) 238,703.1 1.7 1(0.3) 921,549.3 1.9 1(0.2) 921,549.3 14
BV 9(5.8) 586,401.7 4.1 32(7.8) 3,568,151.6 73 39(9.1) 5,063,406.9 79
cv 40(25.8) 658,049.1 4.6 108(26.4) 1,854,142.1 38 124(29.0) 2,796,654.9 44
BE 27(17.4) 2,016,597.0 14.0 52(12.7) 6,124,012.9 12.5 51(11.9) 7,251,908.5 11.3
BN 2(1.3) 92,9895 0.7 2(0.5) 2231468 0.5 2(0.5) 223,146.8 04
CE 31(20.0) 363,266.0 25 136(33.3) 2,243,353.5 4.6 123(28.8) 2,386,316.0 37
CN 15(9.7) 114,6244 0.8 19(4.7) 179,5135 04 21(4.9) 193,465.4 03
I 80(51.6) 11,835,786.9 82.1 200(489)  40,426,757.2 82.2 230(539)  54,053,951.1 84.3
Il 60(38.7) 2,472,852.5 17.2 190(46.5) 8,590,513.1 17.5 176(41.2) 9,861,371.3 154
Il 15(9.7) 114,624.4 08 19(4.7) 179,5135 04 21(4.9) 193,465.4 0.3
Total 155(100)  14,423,263.8 100 409(100)  49,196,783.9 100 427(100)  64,108,787.8 100

2 percentage

taking more than half, ETB 33,185,119.6 (51.8%), of the
allocated budget. Substantial percentage variation with
category II was observed between hospitals, 190(46.5),
and health centers, 60 (38.7%) (Table 3).

FSN analysis

Of the 518 pharmaceuticals issued in the health insti-
tutions, fast-moving items accounted for the high-
est proportions. Ultimately, in 2017 they attributed to
45.5%, and in 2018 and 2019, they represented 46.5% of
the issues. More than 80% of the total expenditure was
spent on these products over the three years. On the
other hand, slow-moving items were as prevalent as the
fast-moving items in the last two years, 2018 and 2019
(Table 4).

XYZ analysis

From the XYZ analysis, most of the closing invento-
ries were Z items comprising about 40%, followed by Y
accounting for 30% of the items, and they represented
9.5% to 20.4% of closing stock values (Table 4). The
X class had low annual proportions, but it accounted
for the highest stock values, around 70% every year. As
shown in Fig. 2, the first four mostly stocked high-value
items, including sterile surgical gloves # 7.5, Amoxicil-
lin Capsules 500 mg, examination latex gloves medium
size, and 40% Dextrose injections, accounted for approxi-
mately 21% of X class values (Fig. 2).

FSN-XYZ coupling

Four hundred thirty-seven kinds of pharmaceuticals
were cross-tabulated based on consumption rates and
annual closing values. According to the analysis, category

one (FX, FY, FZ, SX, and NX) became dominant in the
three consecutive years. It accounted for 44.1% in 2017
and 55.1% in 2018 and 2019. It also shared the maximum
pharmaceuticals expenditures, up to 84.5%. The XF cou-
ple, the expensive fast-moving items, contributed the
highest spending, as far as 60%. The proportions of the
second (SY and SZ) and the third categories (NZ) didn’t
exceed 30% (Table 4).

Qualitative results

The ages of the participants ranged from 25 to 40 years
old, and they had service experiences of 3 to 12 years
in their current position. Most of them were pharmacy
professionals with a bachelor’s degree and a diploma.
The interviews also included three clinical nurses from
the health centers working as storekeepers. The inter-
views revealed various bottlenecks in ABC, VEN, XYZ,
and FSN inventory control practices in health facilities.
The findings were summarized into the following four
themes, depending on the characteristics of the data.

Scarcity of infrastructures

Like human resources, sufficient physical assets are man-
datory for effective pharmacy practices, including inven-
tory activities. In contrast, the interviewees revealed that
health institutions, especially most health centers, faced
shortages of premises, including offices, separate toilets
for staff, power outages, and water scarcity. In some insti-
tutions, there was difficulty in regular physical inventory
counting to identify the status of pharmaceuticals due
to narrow and non-standardized storage facilities. Even
irrelevant items such as stationary materials and deter-
gents might be stored along with pharmaceuticals in the
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Table 4 XYZ and FSN classification and cross-tabulation of pharmaceuticals in selected health centers and hospitals in Hadiya zone,

Ethiopia
2017 2018 2019
Class Frequency No. of Total value in ETB  %-age® No. of Total value in ETB %-age No. of Total value in ETB  %-age

Items (%) Items (%) Items (%)
F >15 146 (45.5)  16,705,8734 814 168 (46.5)  19,265,277.0 87.1 187 (46.5)  21,328,407.3 90.1
S 5-15 90 (28.0) 2,655,710.8 12.0 167 (46.3)  2,721,620.7 123 198 (49.3) 2,248,069.7 9.5
N <5 85 (26.5) 1,152905.6 56 26(7.2) 131,904.6 0.6 17 (4.2) 102,508.0 04
Total 321(100)0  20,514,489.7 100 361(100) 22,118802.3 100 402 (100)  23,678,985.0 100
X 51(173) 11,004,295.8 70.1 64 (23.3) 9,238,916.9 70.3 81(26.7) 9,448,323.2 70.2
Y 98 (33.2) 3,195,536.1 204 95(34.7) 26598023 20.2 96 (31.7) 2,720,285.3 202
YA 146 (49.5) 1,491,551.2 9.5 115(42.0) 1,253,7136 9.5 126 (41.6) 1,288,774.3 9.6
Total 295 (100) 15,691,383.1 100 274 (100)  13,152,432.8 100 303 (100) 13,457,382.8 100
XYZ-FSN coupling
XF 39(13.2) 9,409,603.2 60.0 47 (17.2) 7,983,894.4 60.7 62 (20.5) 8,163,335.0 60.7
YF 46 (15.6) 1,518335.6 9.7 50(18.2)  1,417,847.7 10.8 50 (16.5) 1,413,860.8 10.5
ZF 31(10.5) 336,892.9 22 36 (13.1)  416,3823 32 34(11.2) 391,942.1 29
XS 9(3.1) 1,046,564.2 6.7 9(3.3) 512,304 39 10 (3.3) 520,144.7 39
XN 50.7) 665,345.7 4.2 9(33) 782,256 59 11 (3.6) 845,763.1 6.3
YS 14 (4.7) 423,743.3 2.7 24 (8.8) 664,951.8 5.1 29 (9.6) 774,705.4 58
7S 36(12.2) 405,155.8 26 38(139) 3995608 3 46 (15.2) 451,216.1 34
YN 36(12.2) 1,136,239.9 7.2 20(7.3) 537,465.3 4.1 16 (5.3) 467,036.1 35
ZN 79 (26.8) 749,502.5 4.7 41 (14.9) 437,770.5 33 45 (14.9) 429,3794 32
Total 295(100) 15,691,383.1 100 274 (100)  13,152432.8 100 303 (100)  13,457,382.8 100
I 130(44.1) 12,976,741.6 828 151(55.1)  11,112,6844 84.5 167(55.1) 11,335,045.7 84.3
Il 86(29.2) 1,965,139.0 125 82(30) 1,601,977.9 122 91(30.1) 1,692,957.6 12.7
Il 79(26.7) 749,502.5 4.7 41(14.9) 437,770.5 33 45(14.8) 429,3794 32
? percentage

12.00%

10.88

10.00%

8.00%

6.00%

4.00%

2.00%

percentage of stocked value

0.00%

Fig. 2 Top ten high value closing inventories at selected health faculties of Hadiya zone, Ethiopia
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free spaces in the storerooms. As a result, employees get
challenged to sort out, plan, and control their inventories
properly and provide data for informed decision-making.
The purchasing of pharmaceuticals is mainly carried out
based on trends and needs that have emerged from the
different departments within the facilities. Only a few
facilities had the experience to analyze their products
based on their value, importance, and movement for
better decisions. One of the interviewees elaborated as
follows;

“The issue of physical resources is a big problem in
our facilities. For example, I am the head of a phar-
macy in this hospital but, I do not have an office. I
asked the upper management several times, but
there was no response. The hospital management
does not have a positive perception of pharmacy
services in general. The administration believes that
the activity of each pharmacist can take place in a
dispensary room. For this reason, we are not moti-
vated to follow inventory control techniques such as
ABC, VEN, and ABC-VEN matrix analyses. There-
fore, medicines are procured at our facilities through
guesswork” (Male, pharmacy head from a primary
hospital).

Shortage of skilled human resources

The scarcity of qualified and appropriate human
resources in almost all institutions became an obstacle to
performing pharmaceutical and logistics activities. Most
health centers had only two pharmacy experts; one acted
as a store manager and the other as a dispenser. Even in
three surveyed health facilities, nurses worked on behalf
of pharmacy professionals (as pharmacy heads). A store
manager at one of the health centers explained the prob-
lem as follows;

“It is a good practice to conduct pharmaceutical
matrix analyses to improve inventory management.
In reality, it is a difficult task in a firm where the
scantiness of skilled human resources is a problem.
Even, in our facility, non-pharmacy professionals
might be assigned to perform dispensing practices
during the annual leave, sick leave, or maternity
leave of the pharmacists’(Male store manager, four
years of service experience).

Another storekeeper at a hospital added,

”This hospital has various departments, including a
Drug Information Center (DIC), compounding unit,
community pharmacy, ART pharmacy, OPD phar-
macy, inpatient pharmacy, emergency pharmacy,
and OBS and GNY pharmacy. Each needs sufficient
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Ppharmacy experts. In the actual scenario, only 32
Ppharmacists provide services in this particular hos-
pital, including the store manager and the head of
the pharmacy. Almost all of them are busy dispens-
ing medicines and entering transaction data into a
computer program and a model 19. Hence, we are
afraid that the additional burdens to the available
limited employees will lead to burnout and attri-
tions. For this reason, we seldom practice activities
like conducting inventory matrix analyses.” (Male
hospital store manager, service experience of five
years).

Supplier-related issues and unavailability

of pharmaceuticals

The lack of some but critical pharmaceuticals at the
Ethiopia Pharmaceutical Supply Agency (EPSA) had led
to procurement from private suppliers for costly prices.
Even, sometimes they may not be available at private
wholesales. On the other hand, EPSA’s resistance in sup-
plying the intended types of medicines in the required
amount and its pushing practices of irrelevant and or
near expiry items to the medical institutions further
complicated inventory control systems. A pharmacy head
of one health center described;

”"When we place orders with the Ethiopian Pharma-
ceuticals Supply Agency, we should collect surplus
products, though they are not part of our demands,
to get the intended services. This increases the inven-
tory level that ties up a budget and occupies sub-
stantial spaces of the storerooms. The agency also
issues near expiry products that may later expire in
the health facilities, especially if they are slow-mov-
ing items.” (Head of the pharmacy, service experi-
ence of four years).

Another nurse store manager explained;

“This year, ceftriaxone 1 g and 0.5 g injections have
been out of the market for a long time, and now it
is bought for 70 and 50 Ethiopian birrs, which is
much higher than previous costs, 12.5 and 9.53 birrs,
respectively” (Female store manager, service experi-
ence of five years).

Administration related issues

The negligence, lack of commitment, and attitudes gabs
towards pharmaceutical services by senior management
and committees in health facilities negatively influenced
the morale work of pharmacists. In most of the health
institutions, the drug therapeutic committees (DTCs)
were not functional for selections and procurements
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of pharmaceuticals. Physical counts of inventories are
hardly conducted regularly, the majority of the facilities
counted at the end of the fiscal year. Decisions on phar-
maceuticals need the involvement of appropriate profes-
sionals. Nevertheless, the discussions and judgments on
pharmacy activities in the hospitals and health centers
usually ignore relevant professionals. Consequently, the
majority of pharmacists and druggists were unsatisfied
with their current job and lack the motivation to take
additional responsibilities. One of as store managers elu-
cidated the problem as follows,

“The top management of the facility begins to super-
vise and direct staff to correct naked problems such
as organizing shelves and documents when they
have an appointment from senior officials to visit
and oversee. Otherwise, pharmacy services are of no
interest to anyone, and the staff lacks the motivation
and morale to carry out their duties” (Male phar-
macy head, five years of service experience).

Discussion

Inventory control through diversified techniques is a
key to the containment of operational costs and the sus-
tainability of pharmaceutical services [32]. A variety of
matrix analyses were used in the present study to clas-
sify pharmaceuticals in terms of cost, criticality, and
stock movements, thereby determining the efficiency of
health institutions in budget utilization and inventory
management.

ABC analysis revealed that of the 518 pharmaceutical
products purchased in the past three years, from 2017
to 2019, 68 (13.1%) belong to class-A and 97 (18.7%)
belong to class-B representing ETB 46,556,646.2 (70.2%)
and ETB 13,417,858.33 (20.2%) of Total Pharmaceuticals
Expenditure (TPE), respectively. Despite the highest pro-
portion of class-C items, the value of class-A products is
still high, surpassing three and a half folds the prices of
B items. It’s an indication of weak inventory monitoring
at the facilities, as also evidenced by qualitative data. In
reality, class-A items are required in small quantities and
need strict control, including frequent counting and bet-
ter forecasts [33]. Nevertheless, the interviewees revealed
that most facilities rarely conducted regular physical
inventories due to inadequate workplaces, lack of quali-
fied human resources, and poor administrative support.
The results are comparable to reports from Turkey, India,
and Arbaminch, Ethiopia [23, 30, 34], but slightly differ-
ent from the study by Abdelmonim Ahmed H et al. of
Sudan [35]. Class B requires moderate regulation, while
Class C requires only minimal order and procurement
controls, and these actions can be undertaken by middle
and lower-level managers, respectively [21]. The share
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of class-C items in the current study was about 68.14%,
which is encouraging.

The present study showed that from 427 pharmaceu-
ticals used in the facilities and identified through VEN
analysis, the essential items and vitals took the highest
percentages accounting for 47.1% and 47.3%, respec-
tively. Surprisingly, these results are promising despite
poor inventory control practices, negative perceptions
of facility administrations, human resource constraints,
and related issues highlighted in the qualitative data. It’s
also far better than a report from Sudan and India [35,
36] concerning V items, with only 28%and 33% reports,
respectively but comparable in terms of the essentials.
It can be a phenomenon associated with procurement
based on demand from wards and units of the institu-
tions in the present study. Vital items are lifesaving and
cannot be substituted, and require continuous availabil-
ity and reasonable safety stock. Its absence even for a day
is unacceptable and can lead to death and disability of
patients and complications of illnesses [37].

The ABC-VEN Matrix dictates the financial and clini-
cal implications of pharmaceutical use. In this study,
items classified as Category I (AV+AE+AN+BV+CV)
were 230 (53.9%) and consumed 84.3% of the TPE. Cat-
egory B contained 176 (41.2%) items representing 15.4%
of TPE. The less expensive but vitals (CV) and essential
items (EC) with percentages of 29% and 28.8%, respec-
tively, were the highest proportions in categories I and
II. From the overall findings, category I consumed an
enormous percentage of TPE. Hence, more attention
and strict management control are required, as these ele-
ments are either costly or vital [21]. In contrast, unlike
clinical services, the top administration of the facilities
had negligence, lack of commitment, and poor percep-
tion towards pharmaceutical services, as per information
obtained from key informants. These will create a favora-
ble environment for theft and wastage of those expensive
or vital products [38, 39].

ESN analysis classifies items based on the rate of con-
sumptions/issuances from the medical store to the
various wards, clinics, and units within the facility. It
supports timely actions to remove dead stock and pre-
vent accumulation [40]. In the present study, the fast-
moving items were the most prevalent in all years,
accounting for more than 45%, and shared the maximum
TPE, up to 90%. And most of the top ten of these items
in the facilities were medical supplies, but health centers
also had medicines. Such products need strict monitor-
ing as their absence compromises health care delivery
and even leads to dangerous consequences if they are
lifesaving ones [40, 41]. The slow-moving items showed
an increment in 2018 and 2019, accounting for 46.3%
and 49.3% of the issues, respectively. It’s suggestive of a
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weak monitoring system, for example, less frequency of
stock-taking in the facilities, probably because of short-
age of skilled human resources, staff dissatisfaction,
and scantiness of electronic recording tools. The slow
and non-moving items should be at a minimum level to
reduce the length of a budget tie-up to products, mini-
mize pharmaceutical waste, and a long-term occupa-
tion of a warehouse [38, 42]. The proportion of F items is
comparable to a report from West Arsi, Ethiopia (35.3%),
and India (46.0%) [20, 43].

XYZ analysis identifies pharmaceuticals that have a
high, medium, and low stock value at the end of a fis-
cal year and helps to determine the amount of budget
linked to products at the same time [44]. Class X phar-
maceuticals need special attention as they share a high
stock value, which can be used for other purposes. Class
Y items take an average stock value and require modest
control. Substantial portions of products, ranging from
31.7% to 49.5%, in this study were in categories Y and
Z, representing a minute fraction of the stock’s values.
In contrast, a few class-X items, accounting for less than
26.7% of the closing inventories, claimed approximately
71.1% of total stock values on average. The current study
facilities outperformed those reported by Reddy DK et al.
[7], where only 10% of X items accounted for 59% of total
values in tertiary care hospitals in India. The disparity
could be due to the variety of items and settings studied,
with the latter study focusing on cardiac medicines in a
single facility.

According to the FSN-XYZ matrix analysis, category
one (FX, FY, FZ, SX, and NX) had the highest propor-
tion in all years, with a minimum of 40.1% in 2017. This
class also shared the maximum TPE, up to 84.5% where
the FX items contributed the most, about 60%. As these
items are expensive and in high demand, stock outs are
more likely. According to evidence, more than 80% of
Ethiopia’s pharmaceutical needs are met through imports
from international suppliers, which may result in longer
lead times [45]. Thus, the facility administration, EPSA,
regional health bureaus, and the Federal Ministry of
Health (FMOH) should strengthen the supportive super-
vision to address the issues such as infrastructure, staff
commitment and satisfaction, and administrative sup-
ports through diverse platforms and sharing real-time
information with various stakeholders, including non-
government organizations. The findings are similar to the
study by Jobira et al. [20] in health care institutions in the
West Arsi region, Ethiopia.

This study had limitations in that a few of the facili-
ties used HCMIS software for information management
while the majority used paper-based tools. The data
obtained from these two groups of facilities may not be
consistent. As some facilities failed to include the price of
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the pharmaceuticals on their reports (Model 22), we used
average prices for the matrix analyses.

Conclusions

Overall, the results showed that most of the items iden-
tified by ABC-VEN and FSN-XYZ were in the first cat-
egory in both cases, i.e., mainly expensive but life-saving
and a few fast-moving with high closing inventory val-
ues, respectively. This category could likely be superior,
as procurement practice in most facilities was based on
clinicians’ suggestions. The pharmaceutical selection and
procurement could be improved to avail affordable but
still lifesaving items if the facilities had functional DTC
and tools like formulary manuals, standard treatment
guidelines, and essential medicine lists. Otherwise, it will
not be easy to conduct bulk procurement as the prescrib-
ers’ needs may not be known in advance. However, in the
present study, more than half of the institutions lacked
the tools and functional DTCs. These items are highly
susceptible to theft and depletion and, therefore, require
strict controls such as frequent counting, use of lockable
cabinets, and, most importantly, automation of inventory
control systems. Unfortunately, the current institutions
had several problems, including a shortage of qualified
personnel, and inadequate electronic registration system,
a lack of staff motivation and commitment, and weak
administrative support. Therefore, health facilities should
work to mitigate the challenges and put in place adequate
controls, such as audits, frequent supervision, and main-
tain low buffer stock to prevent locking up of budget to
these items.
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